Abstract. In this paper, we briefly introduce the element technology for constructing combinational circuits on Quantum-dot Cellular Automata (QCA). There are various combinational circuits including encoder, decoder, adder, subtractor and multiplexer. For the design of the circuits in QCA, there are essential element technology such as wire crossing, inverting structure and majority gate. Thus we simply present the important factor technology to design efficient QCA structures.
Introduction
Quantum-dot Cellular Automata (QCA) is one of the candidate technologies to replace CMOS transistors [1] . QCA promises closely compact circuits, extremely lower power usage and also high computational speeds. QCA also offers a revolutionary approach to computing at nano-scale [2] . This approach reduces the size of the circuit thereby increasing computation speed and also increasing compactness of the circuits.
Related Works
This section presents come QCA basics including cells, inverter chain and clocking briefly.
QCA Cell
A single QCA cell is made up of four quantum-dots that are diagonal to each other. The cells can tunnel within the cell but not outside the cell. Fig. 1 shows the QCA cells which have two free electrons. Due to Coulombic interaction the two electrons tend to occupy the two opposite corners of the cell which results in polarization p=+1 or polarization p=-1 which are logical bits 1 and 0 respectively [3] . QCA structures are formed by placing cells together. A wire can be formed by placing cells one after another. In the wire, information propagation takes the form of the input signal. If the input is a 0, then the information transferred from input to output will be zero or if the input is a one, then one will be transferred to the output.
Inverter Chain
The other structure that is important is the inverter chain, shown in Fig. 2 . In the inverter chain, the information alternates between a 0 and 1 as it is being propagated in the chain and it depends on the initial input signal. 
Clocking
In QCA the flow of information is controlled by four clock signals. The cells in QCA are placed in one of the clock zones. Each of the four clock signals is shifted by 90 degrees from the previous clock signal. The first phase is the switch phase. This is where the clock signal rises and the polarization of the cell depends on its previous neighbor cells. The second phase is hold phase. In this phase the clock signal remains high thereby preventing tunneling of electrons and resulting in latching the information inside the cell. In this phase the information can be input into the neighboring cells. The third phase is the release state. In this phase, the clock signal is lowered and the cell becomes unpolarized. The fourth phase is the relax phase and in this phase the clock signal is kept low and the cells stay unpolarized [4, 5] .
Element Techniques
In this section, we briefly present the element technology of construction of QCA circuits such as wire crossing, inverting structure and majority gate.
Wire Crossing
There are roughly two ways of wire crossing in QCA based on dimension. 3-dimensional multilayered wire-crossing technique is hard to make it realized. Meanwhile, one dimensional coplanar wire-crossing using 45 rotated cells is much easier to construct and has less noise than multilayered. Fig.3 shows the wire-crossing technique based on rotated cells. The horizontal and vertical inputs never get any interruption and get the straight output. 
Inverting Structure
We can get the two different values from the inverter chain. Based on the location of the transmitted cell, the output can be inverted. Fig. 4 shows the different output from inverter chain. Thus you can easily use this technique when you design inverter in circuits. 
Majority Gate
To design the basic gates such as OR or AND gate, majority gate can be efficiently used. Fig. 5 Figure 5 . Majority gates as OR and AND based on 3-input and 5-input.
Summary
In this paper, we shortly present the main factor technology in QCA design. For area and time considered circuit design, we should completely understand the element technique as mentioned above. There are more techniques behind of them we should summarize later.
